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ABSTRACT 
The vapor-phase hydrogenation of crotonaldehyde on Rh supported catalysts has been 
studied. The effect of some variables of preparation in catalysts prepared by the sol-gel 
and impregnation methods on the surface and catalytic properties were analyzed. It was 
found, that the porosity of the support has a small effect on the selectivity to the 
unsaturated alcohol and the presence of partially reducible supports such as ZrO2 and 
TiO2, may increase the selectivity to crotyl alcohol via an enhancement of the 
polarization of the C=O bond as a result of surface decoration of the metal component. 
The presence of chlorine ions in the metal-support interfacial region, also allows, in a 
certain extension, a polarization of the carbonyl bond.  
KEY WORDS: Rh, SiO2, ZrO2-SiO2, TiO2, crotonaldehyde, hydrogenation, 
chemisorption, TPR, surface composition.  
RESUMEN 
Se estudió la hidrogenación en fase vapor de crotonaldehído sobre catalizadores de Rh 
soportados. Se analizó la influencia de diferentes variables de preparación de 
catalizadores obtenidos por el método sol-gel y por impregnación. Se encontró que la 
porosidad del soporte tiene sólo un pequeño efecto sobre la selectividad hacia el alcohol 
insaturado y que la presencia de soportes parcialmente reducibles como ZrO2 y TiO2 
pueden incrementar la selectividad hacia el alcohol crotílico a través de un aumento de 
la polarización del enlace C=O como consecuencia de una decoración superficial del 
componente metálico. Adicionalmente, la presencia de iones cloruro en la interfase 
metal-soporte, también contribuyen en alguna medida a la polarización del enlace 
carbonílico.  
PALABRAS CLAVES: Rh, SiO2, ZrO2-SiO2, TiO2, crotonaldehido, hidrogenación, 
quimisorción, TPR, composición superficial.  
INTRODUCTION 
Catalytic hydrogenation of α,β-unsaturated aldehydes to unsaturated alcohols is an 
important step in the preparation of various fine chemical products. The main difficulty 
of this reaction is that the olefinic double bond is preferentially reduced, both by 
kinetics and thermodynamics considerations. This occur mainly for small aldehydes, 
while for larger molecules, steric restrictions imposed by the substituents may overcome 
the selectivity problem. Scheme 1 shows the reaction network of the hydrogenation of 
crotonaldehyde.  
 
SCHEME 1. Reaction network of the hydrogenation of α,β-unsaturated aldehydes.  
In the presence of most of the conventional group VIII metal hydrogenation catalysts, 
α,β-unsaturated aldehydes are hydrogenated predominantly to saturated aldehydes by 
reduction of the C=C group or to saturated alcohols. Therefore, it is desirable to find 
catalysts, which may control the intramolecular selectivity by hydrogenation 
preferentially, the C=O group while keeping the olefinic double bond intact (Scheme 1, 
reaction 1 vs. 2). Additionally, in order to prevent consecutive hydrogenation to the 
saturated alcohol (reaction 3 and 4) and the isomerization of the allylic alcohol (reaction 
5), the catalyst has to suppress these reaction pathways. Different metals and supports 
have been used to study the selective hydrogenation of this kind of unsaturated 
compounds. Thus, metals such as Co, Pt, Ru, Rh, Os and Ir have been essayed, showing 
great differences in activity and selectivity. To improve the selectivity to the unsaturated 
alcohol, metal supported catalysts have been modified by alloying1,2), by adding 
promoters3,4), by using strong interactive support5-8) and by inducing electronic effects. 
In spite of a number of investigations have been carried out in this field, there is not an 
agreement in the kind of effect which may have a more significant impact on the 
selectivity towards the unsaturated alcohol.  
The aim of the present contribution is to study the effect of the support on the activity 
and selectivity for the hydrogenation of crotonaldehyde. Rh supported catalysts on SiO2, 
ZrO2-SiO2 and TiO2 prepared by the sol-gel method and/or impregnation are compared. 
The catalysts have been characterized by nitrogen adsorption at 77K, H2 chemisorption 
measurements, TEM studies for particle size evaluation, XPS experiments to estimate 
surface composition and FTIR of adsorbed crotonaldehyde. The hydrogenation of 
crotonaldehyde was carried out at 373 K by a pulse method.  
EXPERIMENTAL 
Rh/SiO2 catalysts were prepared by the sol-gel method, using the following procedure. 
A mixture of tetraethyl ortosilicate (TEOS) with ethanol and Rh(acac)3 dissolved in 
acetone to give a Rh loading of 0.5 wt.% was stirred and refluxed at 318 K. The 
gelation pH was adjusted to 3, 5 and 9 using different hydrolysis catalysts (HCl, H2O 
and NH3(aq)). The reflux was maintained until gel formation was achieved. Then, the 
temperature was increased to 353 K and kept constant for 1 h. The obtained solid was 
dried at 383 for 6 h, calcined in air at 723 K for 4 h and reduced in situ at 773 K for 2 h 
prior to characterization or catalytic test. Additionally, a 0.5 wt.% Rh/SiO2 catalysts was 
prepared by impregnation with an acetone solution of Rh(acac)3 on a silica prepared by 
the sol-gel method at pH = 5. The samples were labelled as: Rh/Si-3-HCl; Rh/Si-5; 
Rh/Si-9-NH3(aq) and Rh/Si-5-imp.  
A series of samples of ZrO2-SiO2 was prepared from TEOS and zirconium 
acetylacetonate with 10 wt.% of ZrO2 in the mixed oxide9). Gelation pH was varied 
using different hydrolysis catalysts (HCl, H2SO4 and NH3(aq)). The water/solvent (t-
butylalcohol) ratio was 4/1 and the pH was fixed at 3 in an acid medium and at 9 in a 
basic medium. All samples were dried at 343 K for 24 h and the calcined in air for 4 h at 
673 K. Prior to calcination, a fraction of the samples prepared at pH 3 with HCl was 
sulphated with a solution of 1 N sulphuric acid during 4 h under continuous stirring. 
Then the solvent was evaporated and the solids were dried and calcined as described 
previously. The solids were impregnated with an appropriate amount of rhodium 
acetylacetonate in acetone solution to get 0.5 wt.% of Rh in the catalysts. The samples 
were dried at 343 K for 24 h and calcined at 673 K for 4 h. These samples were labelled 
as: Rh/ZrSi-3-HCl; Rh/ZrSi-3-H2SO4; Rh/ZrSi-9-NH3(aq) and Rh/ZrSi-3-HCl-SO-24. 
Prior to their characterization or catalytic use the solids were reduced in situ in flowing 
H2 at 773 K for 2 h.  
A series of Rh/TiO2 catalysts were prepared by impregnation of TiO2 DEGUSSA P-25 
at 398 K with an aqueous solution of RhCl3 or a toluene solution of Rh(acac)3. The 
solids were dried, calcined and reduced at 723 K as described previously. These 
samples were labelled as: Rh/Ti-Ac and Rh/Ti-Cl.  
To evaluate specific surface area, pore volume and average pore diameter, nitrogen 
adsorption isotherms at 77 K in the relative pressure range 0.05 to 0.995 were carried 
out in a Micromeritics Model Gemini 2370 apparatus. Hydrogen chemisorption at 298 
K was carried out in a volumetric system to evaluate the H2 uptake and H/Rh ratio. 
Before the chemisorption experiments, the samples were reduced in situ at 773 K for 2 
h and then outgassed for 4 h at the same temperature.  
TEM was used for the observation of supported rhodium particles. These experiments 
were performed in a Jeol Model JEM-1200 EX-II System. The samples were prepared 
by the extractive replica procedure.  
TPR studies were carried out in a TPD/TPR 2900 Micromeritics system provided with a 
thermal conductivity detector. The reducing gas was a mixture of 5%H2/Ar (40 cm3 
min-1) and a heating rate of 10Kmin-1. Prior TPR experiments, the reduced samples 
were oxidized in situ in oxygen flow up to 773 K. To rule out possible redispersion of 
rhodium particles due to these treatments, the fresh reduced samples and the reduced 
samples after TPR experiments were evaluated by hydrogen chemisorption. No 
significant changes in the hydrogen uptake were detected.  
FTIR studies of adsorbed crotonaldehyde on Rh reduced catalysts were performed in a 
vacuum IR cell: the samples were prereduced and outgassed prior exposure to 
crotonaldehyde. The spectra were recorded in a Magna FTIR-550 Nicolet spectrometer, 
at different adsorption temperatures, in the range 298 to 373 K.  
XPS studies were recorded using an Escalab 200R spectrometer provided with a 
hemispherical analyzer, operated in a constant pass energy mode and 
unmonochromatized Mg Ka X ray radiation (hn = 1253.6 eV) operated at 10 mA and 12 
kV. The surface Rh/Si, Rh/Ti and Zr/Si ratios were estimated from the integrated 
intensities of Rh 3d5/2, Zr 3d5/2, Ti 2p3/2 and Si 2p lines after background subtraction and 
corrected by the atomic sensitivity factors10). The line of Si 2p at 103.4 eV was used as 
an internal standard. Rhodium peaks were decomposed into several components 
assuming that the peaks had Gaussian-Lorentzian shapes.  
Catalytic experiments were carried out in a pulse reactor with an on line GC. In each 
experiment 50 mg of catalyst were reduced in situ in flowing hydrogen (20 cm3 min-1) 
in a programmed mode at 10 K min-1 up to 773 K and kept at this temperature for 1 h. 
Then, the sample was cooled down till 373 K and the catalytic activity was measured by 
injecting 1.0 µL of the organic reactant. Blank experiments showed no catalytic activity 
due to the support in these conditions.  
RESULTS AND DISCUSSION 
Nitrogen adsorption isotherms on Rh/SiO2 and Rh/ZrO2-SiO2 sol-gel catalysts obtained 
at gelation pH of 3 exhibit type I isotherms, indicative of essentially microporous solids. 
As the gelation pH increases, changes in the shape of the isotherm this indicates the 
presence of mesopore solids with only a small contribution of micropores. This 
behavior has been explained previously on the basis of changes in the rate of 
hydrolysis11,12). Figure 1 shows representative nitrogen adsorption isotherms on 
Rh/SiO2. Table I displays the specific surface areas, pore radius and the extent of 
micropores contribution for different Rh supported catalysts. Significant differences in 
the surface area as well as in the micropores contribution can be noted. Thus, catalysts 
prepared by the sol-gel procedure at pH 3 exhibit essentially presence of micropores, 
whereas in that prepared at pH 5 the isotherm indicates mainly the presence of 
mesoporous. On the other hand, the Rh/ZrO2-SiO2 sample prepared at pH 3 with H2SO4 
and with HCl sulphated indicates that the addition of the sulphate seems to be 
responsible of the generation of the mesoporosity in the solids as previously 
reported13,14). The samples obtained by gelation at pH 9 in the presence of ammonia 
solution, shows an isotherm with different shape, which may be considered as type IV 
isotherm in the BDDT's classification. Even though it is well known that the BET 
equation is not valid for microporous solids the obtained values were also included as 
reference and also because only the samples prepared at pH 3 in the presence of HCl are 
essentially microporous. Pore radius obtained from Gurtvich's rule indicates differences 
in line with the previous discussion. The catalysts supported on TiO2 exhibit type IV 
isotherms, characteristic of mesopore solids.  
TABLE I. Specific area, average pore radius (Φ) and volume micropore percent for 0.5 
wt% Rh supported catalysts Catalysts.  
Catalyst S BET rp % 
 (m2 g-1) (nm) micropore 
Rh/Si-3-HCl 255 1.1 75 
Rh/Si-5 602 2.9 6 
Rh/Si-9-NH3(aq) 256 6.5 3 
Rh/Si-5-imp 673 1.6 7 
Rh/ZrSi-3-HCl 349 1.1 87 
Rh/ZrSi-3-H2SO4 363 1.5 50 
Rh/ZrSi-9-NH3 (aq) 302 2.8 12 
Rh/ZrSi-3-HCl-SO42- 315 1.9 35 
Rh/Ti-Ac 75 4.5 0 
Rh/Ti-Cl 75 4.5 0 
 
FIG. 1. Nitrogen adsorption isotherms on Rh/SiO2 catalysts. Effect of the gelation pH: (a) pH=3, (b) 
pH=5 and (c) pH=9.  
Temperature programmed reduction of the rhodium samples were carried out after 
reduction in H2 at 773 K and calcination up to 773 K. The reduction profiles of Rh/SiO2 
catalysts exhibit a peak centered at 353±5 K whereas in the Rh/ZrO2-SiO2 it can be seen 
in Figure 2 that the samples prepared in absence of sulphate, exhibit a peak centered at 
650±5 K due to the reduction of rhodium oxide particles. This process occurs at much 
higher temperatures than those expected for Rh supported catalysts prepared by 
impregnation on different supports, in which the reduction takes place around 360 
K15,16). This feature may be attributed to the fact that in the former the rhodium species 
remain trapped in the porous structure of the support with a strong metal support 
interaction making more difficult the reduction processes. H2consumption in the 
reduction of rhodium particles is closed to the stoichiometric requirements. In those 
catalysts prepared in presence of sulphate the reduction profile exhibits two peaks: the 
first one centered at approximately 650 K, due to the reduction of rhodium oxide 
species and the second which appears at higher temperaturs, 850-870 K, due to the 
reduction of sulphate ions. Similar trends were found in both series of solids, only slight 
shifts of the reduction peak of sulphate species towards higher temperatures in those 
catalysts prepared by Zr(AcAc)4 were observed, due to the differences in the pore size 
distribution. In the Rh/TiO2 samples a main reduction peak at 350 K due to reduction of 
rhodium oxide particle appears, being also possible to detect a broad peak around 510 K 
attributed to partial reduction of TiO2.  
 
FIG. 2. Temperature programmed profiles on Rh/ZrO2-SiO2 catalysts. (a) pH 9 NH3(aq), (b) pH 3 HCl, (c) 
pH 3 H2SO4 and (d) pH 3 HCl, SO42-.  
Hydrogen chemisorption isotherms at 298 K were carried out in order to estimate 
rhodium dispersion. For the calculation of metal particle size a stoichiometry of 
adsorption (H/Rh)s = 1 was assumed and the particle size was evaluated from the 
equation d = 5/S ρ, where S is the metal surface area and r is the specific metal density. 
The obtained values are compared with those evaluated from TEM results and 
summarized in Table II. High H/Rh ratio were obtained in most of the prepared 
catalysts, with the exception of the samples Rh/ZrO2-SiO2 obtained at pH 3-H2SO4 and 
HCl-SO42- and Rh/TiO2 in which the hydrogen uptakes were very low. In those 
Rh/ZrO2-SiO2, this fact may be understood considering the TPR profiles, which 
evidence that in the catalysts prepared in presence of H2SO4, the reduction of sulphate 
groups to sulphide species according to the equation:  
SO42- + 4H2×´ S2- + 4H2O  
TABLE II. H/Rh ratio obtained from chemisorption data, particle size evaluated by 
chemisorption and TEM, binding energies (eV) core electrons of Rh 3d5/2 and surface 
atomic ratios, Rh/M and Zr/Si evaluated from XPS for 0.5 wt% Rh supported catalysts.  
Catalysts H/Rh d,nm Rh 3d5/2 (Rh/M)s Zr/Si   
    Chem. TEM B.E. (ev) *     
Rh/Si-3-HCl 0.49 1.8 2.0 307.7 0.0042 - 
Rh/Si-5 0.58 1.6 1.9 307.9 0.0029 - 
Rh/Si-9-NH3(aq) 0.40 2.3 2.6 307.6 0.0026 - 
Rh/Si-5-imp 0.54 1.6 2.0 307.6 0.002 - 
Rh/ZrSi-3-HCl 0.45 2.0 2.5 307.2 0.0002 0.048
Rh/ZrSi-3-H2SO4 0.02 45.0 2.5 307.3 0.0002 0.047
Rh/ZrSi-9-NH3(aq) 0.41 2.2 2.0 307.2 0.0001 0.053
Rh/ZrSi-3-HCl-SO42- 0.01 90.0 3.0 307.3 0.0002 0.045
Rh/Ti-Ac 0.10 9.0 3.5 307.3(55) 0.0101 - 
    308.2 (45)   
Rh/Ti-Cl 0.10 9.0 3.5 307.3 (65) 0.0112 - 
    308.2 (35)   
 
*M = Si, (Si+Zr) or Ti  
This produces a poisoning effect on the surface of Rh particles by the sulphide ions (S2-) 
produced by reduction of the sulphated during the TPR experiments. Additionally, the 
values of metal particle size evaluated from TEM reveal an appropriate agreement with 
the particle size estimated from chemisorption for the catalysts obtained in absence of 
sulphate ions. In these latter catalysts, the formation of a surface layer of Rh sulphide on 
the rhodium crystallite inhibits further hydrogen chemisorption that implies an 
underestimation of metal dispersion17). It should be considered that after the reduction 
treatments (H2 flow at 773 K), only a small fraction of sulphate species are reduced to 
sulphide because of the reduction of sulphate species under TPR experiments which 
begins at approximately 720 K. In the Rh/TiO2, the observed drop in hydrogen uptakes 
is attributed to surface coverage of Rh by TiOx particles and not to a low dispersion, 
according to TEM results.  
The chemical state of rhodium for all the catalysts has been studied by XPS. For all the 
reduced samples the binding energies of Rh 3d5/2 is in the range of 307.3 - 307.7 eV. 
The expected value for Rh° species is 307.2 eV, and the observed shift may be 
attributed to the presence of small metal crystals trapped into the lattice of the support. 
In those catalysts prepared in presence of sulphate, in which the formation of rhodium 
sulphide species is expected, no change in the B.E. was observed. This is explained 
taking into account that the small amount of H2S produced during the reduction remains 
bonded to the highly unsaturated positions of rhodium crystals, such as edges and kinks. 
This may produce only a slight monolayer coverage (10-20%) and therefore only a 
broadening of the Rh 3d peaks is produced, not allowing a detection of a component 
different from the reduced metal. It should be kept in mind that the B.E. of Rh2S3 is 
only 1.4 eV higher than the Rh° species. Table III summarizes the binding energies of 
Rh 3d5/2, Rh/M (M = Si, (Si + Zr) or Ti) and Zr/Si atomic surface ratios. In the series 
Rh/ZrO2-SiO2, the Zr/Si surface ratio was close to the bulk ratio due to the hydrolysis of 
both precursors which have comparable hydrolysis rate. In Rh/TiO2 catalysts, the Rh 
3d5/2 core level spectra indicate that Rh remains mainly in a reduced state but also show 
the presence of Rhδ+ species. These species may be the result of the mobility of TiO2 
species on the Rh crystallites, which become partially decorated allowing an easier 
electron transfer between the metal and the oxide species. The Rh 3d5/2 core level 
spectra for a representative Rh/SiO2 catalysts is shown in Figure 3.  
TABLE III. Conversion at 373 K and selectivity to the products crotylalcohol (CrOH), 
butyraldehyde (BuHO) and butylalcohol (BuOH) of 0.5wt%Rh supported catalysts.  
Catalysts Conversion Selectivity, mol %     
  % CrOH BuHO BuOH 
Rh/Si-3-HCl 13 3 96 1 
Rh/Si-5 62 4 59 37 
Rh/Si-9-NH3(aq) 87 2 79 19 
Rh/Si-5-imp 62 6 52 42 
Rh/ZrSi-3-HCl 65 6 91 3 
Rh/ZrSi-3-H2SO4 87 3 95 2 
Rh/ZrSi-9-NH3(aq) 53 11 87 2 
Rh/ZrSi-3-HCl-SO42- 82 3 97 0 
Rh/Ti-Ac 75 6 75 19 
Rh/Ti-Cl 26 10 70 20 
FTIR spectra acquired of adsorbed crotonaldehyde after in situ reduction of Rh catalysts 
at 773 K are shown in Figure 4A and B. The reference spectrum is that of the pre-
treated catalyst just prior to exposure to the reactant mixture. The spectra obtained after 
evacuation exhibit bands at 1398, 1447, 1544, 1636 and 1685 cm-1. Bands near 1398 
and 1447 cm-1 are characteristics of the asymmetric and symmetric deformations of CH3 
groups in hydrocarbons perturbed by hydrogen bonding with hydroxyl groups on the 
SiO2 or TiO2 surface18). These bands were also observed for crotanoldehyde strongly 
adsorbed through the C=C bond on supported Cu catalysts19), but due to the weak 
stabilization of crotonaldehyde on Rh via the C=C bond in this case argues against the 
assignment of 1398 and 1447 cm-1 bands to adsorbed crotonaldehyde. The strong bands 
at 2878, 2923 and 2960 cm-1 lie in the frequency region where CHx stretches in 
hydrocarbons. In the CHx stretching region a peak at 2732 cm-1 appears, which is 
characteristic of the aldehydic CHO stretch in crotonaldehyde adsorbed weakly via the 
C=O bond20). Only slight changes in wavenumbers occur as the temperature of 
crotonaldehyde adsorption increases, being possible to detect a better resolution of the 
band as temperature increases. The main difference between the two rhodium supported 
catalysts is the band at 1543 cm-1, which is very weak in Rh/SiO2, and it grows in 
Rh/TiO2 catalyst. It may be assigned to crotonaldehyde strongly adsorbed on Rh via the 
olefinic C=C bond20). This important information obtained from FTIR studies will be 
used to explain the difference in selectivity in the studied catalysts.  
 
FIG. 3. XPS spectra for reduced Rh/SiO2 catalysts obtained at different gelation pH: (a) pH = 3, (b) pH = 
5 and (c) pH = 9.  
Hydrogenation of crotonaldehyde was carried out in a pulse reactor at 373 K. The 
obtained products were crotylalcohol (CrOH), butyraldehyde (BuHO), butylalcohol 
(BuOH) and traces of other light products. Table III summarized the activity and 
selectivity of the prepared catalysts. Almost no changes in activity and selectivity upon 
10 pulses were noted, with the exception of the Rh/ZrSi-3-HCl catalysts, in which a 
significant deactivation was detected without changes in selectivity. For this catalyst the 
reported value is referred to the first pulse and the observed deactivation is attributed to 
the high acidity of this solid. From Table III it can be observed that in most of the 
catalysts, the activity expressed as conversion level is comparable, even though some 
differences in particle size exist.  
With regard to the selectivity, poor selectivity towards CrOH was observed being 
BuHO the main product. Nevertheless, the results are slightly better than those 
previously reported by Kaspar et al.21) who reported no selectivity to the CrOH for 
rhodium catalysts under similar conditions. Also, for Pt/SiO2 and Pt/Al2O3 Vannice et 
al.22) reported no selectivity to CrOH. With regard to the selectivity, the differences 
obtained in the Rh/Si catalysts can be explained in terms of the porosity of the solids. 
The Rh/Si-3-HCl catalyst, which has the highest contribution of micropores has also the 
highest restriction to the access of the crotonaldehyde to metal crystallites placed into 
the porous network, so the reaction takes place essentially in the external surface of the 
catalyst being the hydrogenation of the C=C bond the almost exclusive reaction step. 
On the other hand, in the Rh/Si-5 and Rh/Si-9 catalysts, the presence of mesopores 
allows the diffusion of the reactant through the pore structure increasing the time that 
the reactant is in contact with the catalysts, so the hydrogenation proceeds in some 
extension to the C=O to give the unsaturated alcohol.  
  
FIG. 4. FTIR adsorption of crotonaldehyde on reduced Rh catalysts at different adsorption temperatures 
(a) Rh/SiO2 and (b) Rh/TiO2.  
For the Rh/Ti series, the observed increase in the selectivity to the CrOH can be 
explained considering the SMSI effect of TiO2, that means the presence of 
coordinatively unsaturated Ti cations that strengthen the interaction of the catalyst with 
the C=O bond of crotonaldehyde and enhance the selectivity for the C=O bond 
hydrogenation. A scheme of the decoration of Rh particles by migration of TiOx is 
shown in Figure 5. For this series, the effect of the Rh precursor is important in terms of 
activity. In fact, even the particle size is almost the same, in the Rh/Ti-Cl catalyst the 
presence of chlorine ions which remains after the calcination and reduction produce 
surface modification in the catalyst inducing a polarization in the C=C bond and 
consequently a slight increase in the selectivity to CrOH. Similar effect of chlorine ions 
has been previously reported by Armendía et al.23) who attributed an increase of the 
Lewisacid character of the catalyst because of the presence of chlorine ions, which 
activated the carbonyl group by inducing positive charge on the carbon atom23). The 
obtained values for the selectivity to BuOH are explained in terms of the presence of 
mesoporosity.  
 FIG. 5. Different types of adsorbed crotonaldehyde species on Rh supported catalysts. (a) Rh/SiO2 and 
(b) Rh/TiO2.  
With regard to the Rh/ZrSi series the high selectivity to CrOH found for the Rh/ZrSi-9-
NH3(aq) catalyst can be explained taking into account that the ZrO2 may be slightly 
reduced in H2 generating ZrOx species which may migrate on the surface of Rh 
crystallites. This migration process occurs mainly in the solids with mesopores. 
Additionally, this catalyst also exhibits the highest Zr/Si atomic surface ratio which 
makes more favorable the migration of ZrOx species producing the decoration needed to 
produce a polarization in the C=O bond and therefore, to increase the selectivity to the 
CrOH. Similar results were find previously for Ru/ZrO2 catalysts6).  
CONCLUSIONS 
The influence of different variables of preparations of sol-gel Rh/supported catalysts on 
the surface and catalytic properties was studied. The results show that the pH of gelation 
modifies strongly the porosity and the specific surface area having a larger contribution 
of micropores at low pH. High metal dispersion was found in all the catalysts (estimated 
by TEM), eventhough some discrepancies with hydrogen chemisorption in the 
sulphated samples in Rh/ZrO2-SiO2 and Rh/TiO2 were observed. FTIR studies of 
adsorbed crotonaldehyde on Rh catalysts allow to detect bands at 1543 cm-1 attributed 
to unsaturated alcohol, being higher the intensity of this band for Rh/TiO2 catalysts, in 
agreement with the catalytic results. The catalytic activity and selectivity in the 
hydrogenation of crotonaldehyde depends mainly on the nature and porosity of the 
support and the presence of chlorine ions. With regard to the selectivity, the metal oxide 
decoration of the Rh particles by TiOx or ZrOx and for the Rh/Ti catalysts the presence 
of chlorine ions enhances the selectivity to the CrOH. No significant effect of metal 
particle size was detected.  
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